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Abstract 
Hitherto, no large-scale power plant, fully integrated with CCS, including monitoring and verification, has become 
operational. It may still take years until this happens on a bona-fide basis. The most plausible reasons are high cost, 
commercial uncertainty, lack of a foreseeable regulatory framework, problems pertaining to bankability, and, last but 
not least, liability for the stored CO2. In this paper, attention is paid to the necessity of CCS and to its relative 
importance in a geopolitical context. The backdrop comprises a subset of global concerns and challenges relating to 
the growing energy demand and, thus, the harnessing of fossil fuels and their impact on the issue of global warming. 
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1. Introduction 
CCS techniques remain to be developed and adapted to large coal power plants and industry, 
responding to the commercial interests of the owners of such facilities. The near future will certainly bring 
about new solutions to the electric power sector and the heavy industry, including iron and steel works, 
refineries, chemistry, gas processing, and cement kilns. According to the Global CCS Institute's database 
(GCCSI,2013,1), as of October 2013, the world had 12 integrated CCS operational projects: 8 employed in 
gas processing, 2 in the fertiliser industry, 1 in a synthesis gas plant and 1 in a hydrogen production 
facility. Four projects were, or have been, fully integrated with measurements and verification. Only three 
plants were devoted strictly to greenhouse-gas mitigation (i.e. Sleipner, InSalah, Snøvhit). Although at the 
InSalah project in Algeria injection was suspended in the summer of 2011, a comprehensive measurement 
and verification programme continues. At the Weyburn-Midale CO2 Monitoring and Storage Project, 
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however, which came to an end in 2011, the operators continue to inject CO2 into the ground, without 
measurement and verification, for the sole purpose of enhancing the extraction of oil (IEA,2013,2). 
2. Geopolitical concerns  
CCS is a technology of geopolitical importance that needs to be developed and deployed at large on a 
very short notice. Recent studies suggest that in order for CCS to have the desired and necessary impact 
on climate mitigation, i.e. limiting the global warming at around 2-3°C by 2100, CCS must obtain a share 
of the global energy mix in excess of 1% within just one decade. This is an unprecedented challenge 
requiring substantial contributions from all advanced countries. 
The backdrop is the onset of global warming and how the growing demand for fossil fuels relates to 
some major geopolitical concerns:  
Table 1: Three global concerns (based on statistical data from BP, 2013,3) 
1) The growing primary energy demand 
x From 1980-2000, the total annual production of fossil fuels increased by 100 Mtoe on 
average.  
x From 2000-2012, the average production increased by 243 Mtoe per year 
x By 2012, a total amount of 11.000.000.000 ton oil equivalents was reached.  
x From 2000-2012, the total annual CO2 emission increased by 827 Mtpa, reaching a 
total of 34.5 Gtpa 
x By 2012, the increased and total CO2 emissions are:  
x non-OECD area: 781 Mtpa on average, reaching 20.6 Gtpa (i.e. 94.4% of the 
increase and 59.7% of the total amount)  
x OECD area: 46 Mtpa on average, reaching 13.9 Gtpa (i.e. 5.6% of the increase 
and 37.7% of the total amount) 
OECD
Non-OECD
 
2) The global energy mix 
Fossil fuels will continue to dominate the global energy mix in the foreseeable future. 
Analyses of the change in annual consumption of fossil fuels by 2030, over the level of 
2012, envisage the following trends: 
x Coal consumption may drop by 40 Mtoe within the OECD area. An excessive growth 
may take place in the rest of the world (2230 Mtoe). Within the non-OECD area, coal 
stands roughly for 53% of the increased demand for fossil-fuel, all combined. 
x Natural gas consumption may grow significantly. This growth is 900 Mtoe within the 
non-OECD area, i.e. 3 times higher than in the OECD area (300 Mtoe). 
x Oil may drop within OECD by 210 Mtoe, but the demand within non-OECD countries 
may grow substantially reaching 1040 Mtoe (roughly on par with that of natural gas). 
3) Reserves-over-production ratio  
The R/P ratio for 2000-2012: 
x Coal dropped from 220 to 109 years 
x Natural gas remains almost constant around 55-60 years 
x Oil also remains almost constant at 40-50 years 
 
It should be kept in mind that the definition of reserve is the part of resources that is 
known, and technically feasible and economically viable to extract. 
 
As pointed out in Table 1, prevailing concerns relate to fossil fuels, especially the growing demand (1), 
the impact on the energy mix (2), and the rate of depletion of the fossil reserves (3), notably how these 
reserves are subjected to change (especially coal). The global energy mix (2) indicates how the demand 
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for fossil fuels may develop within the OECD and non-OECD regions. Extrapolating the 2000-2012 
trajectory for CO2 emissions until 2050 suggests exceedingly high emissions (totalling 64 Gtpa by 2050), 
as indicated in Figure 1. 
Figure 1: CO2 emissions shared among the OECD and the non-OECD countries. (Data 
until 2012 are historic. The projections from 2012-2050 result from linear regression 
of statistical data for 2000-2012. Data sourced from BP, 2013,3). 
Other concerns affect environmental policies and the growing 
global population. The former combines three issues of local, global 
and strategic anxiety, which, without decarbonisation (CCS), appear 
inherently contradictory. Prevalent conservational policies with a 
bearing on environmental regulations as well as national, regional and 
global strategies are: 1) air quality and air pollution (local issues), 2) 
climate change (global issue), and 3) security of energy supply 
(regional and national strategic issue).  
The growing global population has a bearing on the energy markets. This issue concerns people in need 
of food, energy and safety. Whereas the global population grew from 1 to 2 billion over 120 years (1810-
1930), it took only 13 years to grow from 6 to 7 billion (1998-2011). Now, it is expected that the global 
population will stabilise at around 9 billion by 2050.  
In response to the severity and the state of urgency of these concerns, governments must repeatedly be 
reminded of their critical role: to define and implement objectives to shape our future (IEA,2011,4). When 
it comes to mitigating climate change, they must know that it is widely accepted that CCS technologies 
may contribute significantly to reduce CO2 emissions around the world. This calls for extensive research 
and international harmonisation to make CCS an effective and affordable option. 
3. The relevance of CCS 
It seems evident that a large part of the emission reduction must be made within the non-OECD area. 
One immediate reflection is that CCS will put pressure on coal. In China, for instance, this means that by 
2050, the nation must burn additional coal that amounts to about 1 billion ton per annum. The price tag of 
this additional coal is roughly US$200-400 billion each year. This is comparable to the rescue package 
that was provided to save Wall Street after the credit crunch in 2008. According to Chinese expertise, this 
high cost will slow down the economic development of the nation, and it is less likely that CCS will be 
accepted in its current state of development. Seemingly, a better option is to opt for new and less energy-
intensive CCS techniques, which probably brings China to the forefront of low-cost CCS solutions. This 
approach is probably mandatory to curb CO2 emissions within the non-OECD area. 
4. Timeline 
Estimations suggest that the building up of the initial CCS-based generating capacity is of utmost 
importance in order to fast-track the development and deployment of CCS technology. Prior experience 
suggests that it may take at least 30 years for a successful energy technology to proceed from the stage of 
being termed available (1000 TJ) until it is deemed material. With CCS, however, this process must be 
significantly accelerated, as CCS must materialise in less than 10 years in order to have its intended 
impact (i.e. IEA's 2DS, i.e. the 2°C scenario). This calls for war-like mobilisation of resources with 
dedicated attention from authorities and regulators, and with involvement of funders, industrial players 
and the operators of plants, pipelines and storage sites. Recent studies show that the deployment of CCS 
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must be accelerated significantly to provide the high capacities critically required to achieve the 
tremendous emission reductions foreseen by 2050 (Kramer and Haigh,2009,5, Hetland,2012,6). 
5. Who bears the burdens of CCS? 
The relevance of CCS is addressed in the latest IEA Roadmap 2013, which shows which regions must 
carry burdens in response to the 2DS of the IEA (IEA,2013,2). As Figure 2 points out, substantial 
reductions must be made particularly in the power sector of China, OECD-Americas and other non-OECD 
countries. These suggestions comply with the concerns 
presented in Table 1. Most likely, impacts of bio-CCS may 
result from co-firing in large coal-fired plants equipped 
with CCS. Moreover, similar reductions must be made in 
the industrial sector (roughly 40% within OECD Europe) 
(IEA,2013,2). 
 
Figure 2: The required global power generation capacities to be equipped 
with CCS (by region and fuel). (Figure modified from IEA,2013,2) 
6. Conclusion 
Global warming is a geopolitical problem that can only be resolved through international collaboration, 
international conventions and harmonisation between nations and regions.  
• CCS requires an entirely new infrastructure for CO2 transport and storage, which may also affect the 
industrial sector world-wide, and result in shortages of materials, human resources and other factors in 
industries operating in non-related fields and markets. 
• CCS will challenge the societal dimension, and will especially impose infrastructural, political, 
institutional, regulatory, ecological, cultural and economic changes.  
• CCS requires political skills, otherwise, the deployment will be too slow and the starting point far too 
late. 
• CCS is hampered by a significantly higher cost of electricity (CoE), due to an efficiency penalty (~10-
13% points) that enhances the fuel consumption by typically 30%. Neither carbon pricing nor fuel 
subsidies seem to suffice in compensating for these drawbacks.  
• CCS is and remains a policy issue that will strongly rely on a foreseeable legal and regulatory 
framework, and equitable taxation of emissions. This requires international harmonisation and joint 
actions. Key question: who can be liable for a storage site under a perspective of thousands of years? 
• The critical role of governments must be challenged. Governments must define and implement 
objectives mitigating climate change. 
• Finally, according to the IEA, without CCS, 2/3 of the world's oil and gas reserves must remain in the 
ground (IEA,2013,2). 
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